Glutathione deficiency leads to riboflavin oversynthesis in the yeast Pichia guilliermondii.
The Pichia guilliermondii GSH1 and GSH2 genes encoding Saccharomyces cerevisiae homologues of glutathione (GSH) biosynthesis enzymes, γ-glutamylcysteine synthetase and glutathione synthetase, respectively, were cloned and deleted. Constructed P. guilliermondii Δgsh1 and Δgsh2 mutants were GSH auxotrophs, displayed significantly decreased cellular GSH+GSSG levels and sensitivity to tert-butyl hydroperoxide, hydrogen peroxide, and cadmium ions. In GSH-deficient synthetic medium, growths of Δgsh1 and Δgsh2 mutants were limited to 3-4 and 5-6 cell divisions, respectively. Under these conditions Δgsh1 and Δgsh2 mutants possessed 365 and 148 times elevated riboflavin production, 10.7 and 2.3 times increased cellular iron content, as well as 6.8 and 1.4 fold increased ferrireductase activity, respectively, compared to the wild-type strain. Glutathione addition to the growth medium completely restored the growth of both mutants and decreased riboflavin production, cellular iron content, and ferrireductase activity to the level of the parental strain. Cysteine also partially restored the growth of the Δgsh2 mutants, while methionine or dithiothreitol could not restore the growth neither of the Δgsh1, nor of the Δgsh2 mutants. Besides, it was shown that in GSH presence riboflavin production by both Δgsh1 and Δgsh2 mutants, similarly to that of the wild-type strain, depended on iron concentration in the growth medium. Furthermore, in GSH-deficient synthetic medium P. guilliermondii Δgsh2 mutant cells, despite iron overload, behaved like iron-deprived wild-type cells. Thus, in P. guilliermondii yeast, glutathione is required for proper regulation of both riboflavin and iron metabolism.